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ABSTRACT 

PROBLEM TO BE SOLVED: To realize a high performance TFT by providing an 
active layer containing a metal element for accelerating the 
crystallization at specified concentration so that the standard deviation 
of the S-value showing electric characteristics is within specified value 
in each of an n- and p-channei types. 

SOLUTION: After forming an active layer 106, a gate insulation film 107 is 
formed on this layer 106 and heat-treated (secondly) in a 
halogen-containing atmosphere. In this step, a segregated metal element 
e.g. Ni at the grain boundary of an acicular or columnar crystal is 
gettered by the action of the halogen to reduce Ni in the active layer 106 
to lX10(sup 16)-5X10(sup 17)atoms/cm(sup 3). The active layer 106 has a 
directivity at the grain boundary and crystal structure of aggregated 
acicular or columnar crystals approximately parallel to a substrate. The 
standard deviation of the S-value showing electric characteristics can 
remain within 15mV/dec in an n-type and within 30mV/dec in a p-channel 
type. 
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6{'*f. 0 6 (A) \tli=5'^^)VmTFT(Dn%'^'\^ 
(Id-Vg , 06 (B) ttP5^i'^;H!TFTCD« 

5 ^id(nm^m^^ S i i!6T«*-r -5. 
[0 0 8 0] ^IWoVGtiy-f f>«JHl. iiflftco 

fc, 6 0 1, 6 0 3T^$nSId-Vg ffitltih'U'-Om 

JIVD= 1 V<^)B#©!^tt$'^L. 6 0 2, 6 0 4-C*$ 
tl^Id-Vg ft^«KU-1'>«JIVD=5 V©B#0[)!ttttSr 
^L-Tt^^. SZi. 6 0 5. 6 0 6ttK^'f >«EEVD 

[0 0 8 1] i^43. :t7«S« (0 6 (A) T«-1V ^ 
T, 06 (B) T'tt-lV t;l±) CO h* Iz-f >llDft doff) 

xiO-13 A (ifi!l:£Tlfilit) I^TTfeSCOT, 06 
(A) . (B) T«y-1'X*iii|lI$tlTL^oTV>^. 
[0 0 8 2] dZlT, 06 (A) . (B) {Z^.^ti^M 

m.'^'&.t^^^ibTc. *^?^tCJ:^TFT<Df^«W/3:i|#tS 

A7P^-^S:«1. ^2tc:S^r. ?i^3. SlttN5^-\'4i 

;l/STFT®«^!Hff4 (ei:(D20*Ste) 

0, «2ttP5^^:^;l.STFTOttft4#tt (ffijtG)20..SC 

[0 0 8 3] 
[«ll 



N^4*MTFT-ll:£|gm (SingleGate) 





fcnuiMI 




loH_tlpA] 








VlhfV] 






IG.orfpAl 


IQ_o»)pA] 


MA 


Prt)-lV) 


{VD-5V) 


(VO-T Y) 


(YD- 5V) 


knrtoffl 


jaVtoff2 


<VD-SV) 


IrriVAkc] 


(VD-1V) 


(VD-1 V) 


(VDo 1 V) 


(VIVt V) 






rvG-sv> 


(VG-6 V> 


(VG— 1 V> 








(VD-1\A 


(VG-5VJ 




{VC^S V) 




Point 1 


106.07 


330.63 


0.66 


2.46 


e.19 


8.13 


-0.58 


65.00 


174.08 


311.34 


0.18 


-0.17 


Point 2 


110.6S 


328.89 


0.71 


1.21 


8.19 


6.43 


-0.38 


75.40 


203.65 


326.07 


-0.03 


-0.33 


Point 3 


104.23 


321.93 


0.92 


6.98 


8.05 


7.66 


-0.54 


81.00 


189.82 


298.79 


0.08 


-0.28 


Point 4 


110.74 


342.70 


0.45 


1.92 


8.39 


8.25 


-0.58 


67.10 


188.86 


323.97 


0.09 


-0.34 


Points 


32.83 


291.00 


0.58 


1.4S 


8.20 


6.30 


-0.44 


75.80 


160.44 


281.53 


o.oo 


-0.30 


Point 6 


111.50 


345.87 


0.28 


2.24 


8.60 


8.19 


-0.55 


89.60 


190.77 


328.03 


0.33 


-0.27 


Point? 


SQ.77 


317.28 


0.63 


2.17 


8.06 


8.16 


■0.57 


87.60 


1 60.91 


297.70 


0.34 


-0.33 


Points 


99.16 


315.62 


0.27 


0.86 


8.56 


8.56 


•0.56 


93.40 


155.67 


304.09 


0.11 


-0.31 


Points 


96.34 


315.41 


1.03 


1.62 


7.97 


6.29 


-0.45 


87.50 


171.22 


285.34 


0.03 


0.46 


Point 10 


100.39 


320.20 


0.92 


4.70 


8.04 


7.83 


-0.60 


81.10 


160.62 


304.09 


-0.14 


-0,03 


Point 11 


107.68 


337.04 


1.05 


3.85 


8.01 


7.94 


-0.56 


81.70 


1 78.37 


322.64 


0.08 


0.10 


Potnt12 


130.49 


388.87 


0.40 


1.61 


8.51 


8.38 


-0.S1 


82.50 


216.S2 


39a51 


-0.11 


-0.48 


Point 1 3 


110.53 


332.17 


1.07 


1.14 


8.01 


8.46 


-0.41 


76.90 


199.35 


328.89 


0.O0 


-0.51 


Point 14 


123.34 


359.87 


1.30 


1.27 


7.98 


845 


-0.33 


83.90 


236.08 


364.85 


054 


-0.58 


PdntlS 


104.55 


312.87 


0.30 


1.22 


8.54 


8.41 


-0.32 


93.40 


185.05 


318.16 


-0.29 


-0.31 


Point 16 


97.1 B 


303.28 


0.77 


1.31 


8.10 


6.36 


-034 


69.70 


167.40 


283.96 


0.12 


0.3B 


Point 17 


98.89 


299.66 


0.42 


2.08 


8.37 


8.16 


-0.36 


72.00 


190.44 


286.92 


0.20 


-0.10 


Point 18 


102.e0 


324.42 


0.73 


0.29 


8.15 


9.05 


-0.54 


93.50 


179.37 


298.65 


0.23 


-0.09 


Point 19 


08.08 


307.26 


0.63 


2.74 


8.18 


8.05 


-OSS 


88.30 


163.20 


283.82 


0.61 


-0.38 


Point 20 


115.54 


348.82 


1.10 


1.54 


6.02 


8.36 


-0.40 


77-60 


203.17 


355.26 


0.26 


-0.18 




105.89 


327,20 


0.72 


^13 


8.21 


8.27 


-0.49 


83.16 


183.76 


315.03 


0.14 


-0.20 




9.54 


22.66 


0.31 


1.52 


0.21 


0.29 


0.09 


7.43 


20.97 


3aa8 


0.22 


0^7 



[0 0 8 4] 
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PmmJFTm&mW: (SingleCate) 





(VO-1 V) 
(I^Q.5V) 


lon_2loAl 

(VD- »V) 
(VG-SV) 


lolLllPAl 
(VD.1Y) 
(VG-^V) 


(VD-5V) 
(VG-f V) 




hnftaOZ 


Vt»l(Vl 
(VD- SV) 


S-vahia 
(VO-I V) 




tGjaifiK] 

(VO-t V) 

(V0.5V) 


(VO- 1 V) 


(VD. IV} 

jycusv) 


(VD- 1 V) 
(max) 


Point 1 


36.10 


76.89 


1.35 


35.05 


7.43 


6.34 


-1.52 


94.30 


155.19 


155.19 


-0.10 


0.11 


Point 2 


37.85 


75.50 


1.05 


20.46 


7.56 


6.57 


<1.62 


128.10 


161.10 


165.87 


-0,12 


-0.16 


Points 


35.49 


73.92 


1.59 


29.22 


7.35 


6.40 


•1.60 


77.69 


150.99 


15S24 


-0.04 


025 


Point 4 


41.67 


92.14 


1.83 


23.75 


7.36 


6.59 


-1J25 


128.04 


150.61 


161.20 


0.13 


-032 


Point 5 


41 .32 


89.49 


0.51 


14.83 


7.91 


6.78 


-1.35 


106.32 


153.62 


164.68 


-0.30 


-0.07 


Point d 


38.65 


75.65 


0.82 


25.05 


7.65 


6.46 


-1.55 


63.48 


146.27 


136.24 


-0.28 


-0.20 


Point? 


38.76 


80.06 


0.86 


21.28 


7.65 


6.58 


-1.51 


78.86 


154.67 


163.01 


-0.32 


-0.24 


Points 


30.07 


83.43 


0.66 


20.06 


7.77 


6.62 


-1J38 


98.47 


144.56 


15a 58 


-0.27 


0.08 


Point 9 


40.51 


80.73 


0.17 


20.48 


8.38 


6.64 


-1.36 


98.42 


144.56 


162.15 


-0.28 


-0.21 


Point 10 


37.70 


77.90 


1.43 


21.16 


7.42 


6.57 


-1>il6 


101 .49 


1 50.76 


156.57 


0.23 


-0.18 


Point 1 1 


41 .84 


94.44 


0.43 


20.56 


7.99 


6.66 


-1.10 


70.93 


135.11 


159.53 


0.27 


-0.06 


Point 12 


40.99 


84.98 


1.46 


16.60 


7.45 


6.71 


-1.48 


94.08 


160.63 


169.98 


-0.22 


•034 


Point 13 


37.75 


78.87 


0.41 


11.83 


7.96 


6.82 


-1.49 


95.57 


153-43 


156.67 


0.17 


-0.14 


Point 14 


36.60 


79.13 


1.53 


19.09 


7.40 


6.62 


-1.51 


82.63 


162.44 


163.30 


0.17 


-039 


Point 15 


41.06 


65.88 


0.41 


16.88 


8.00 


6.71 


-1.47 


88.00 


164.59 


169.98 


-0.14 


0.17 


Point 16 


37.33 


77.99 


1.37 


44.30 


7.44 


6.25 


.1.48 


96.32 


152.76 


155.14 


0.10 




Point 17 


38.81 


80.83 


1,32 


17.75 


7.47 


6.66 


'AAA 


114.06 


160.39 


160.53 


-0.35 


0.26 


Point 18 


39.87 


84.08 


1.54 


27.18 


7.41 


6,49 


-1.51 


73.32 


152.38 


169.45 


0.09 


-0.12 


Point 19 


43.04 


91.36 


1.05 


20.92 


7.61 


6.64 


•1 .40 


95.09 


163.97 


174.55 


-0.26 


0.20 


Point 20 


39.5S 


80.62 


0.67 


17.13 


7.77 


6.67 


-1.53 


88.12 


168.97 


168.59 


-0.21 


0.04 




39.20 


62.63 


1.02 


22.18 


7.65 


6.59 


-1.45 


93.66 


154.25 


162.32 


-0.09 


.0.10 




2.07 


6.14 


0.49 


7.37 


0.26 


0.14 


0.12 


17.11 


8.00 


5.68 


0.21 


0.10 



[0 0 8 5] Si. »2\Z^i,^Xmz^mr^^Ait. 

3 ;H-'!|ti4 (Sit. S -value) A^60~l00ni 
V/dec ©FBltc:iR*^S/jN^E<. (mFE. ^rf'jT^ 

-<) *il50 ~400cni2/Vs i:Vi3«Hc@«6T:^^lr»z:i-C 

[0 0 8 6] ;itie.«S!l^x-^'t±fi!*OTFTTttS 

Sit'f^Sa LfcMO S F E T iCESirrSffifeTiBittfil^a: 
T F T ^ C i i& HH^ L- T ^. 
[0 0 8 7] *;t|nIS$fC. :*:^§^{rJ;^TFT(W^«Jc: 

[0 0 8 8] mi. «2{C«##i:LT¥l^ffli3 

\zm^fr^t. W-i^m^'P>L''\Z± 1 o(D^iZ±W(D6 
8.3%. ± 2 CT<7)fgtC95.4%. ± 3 o ©rt »C99. 7%7j«A 

[0 0 8 9] 3f!:58H^#^tt, **iS0ljOT FTItff ©ij- 
WL^JzOJEmiZWrnr^rzHf). I40{@<DTFTSriB!l^ 

Sfflco¥l^M«87. liBV/dec(n-ch), 105. SmV/dec 
(p-ch) T*0. mmmmt9. Hn-cb) . 25.3(p-ch)T 
^^fz. ^tz, ^«iS(7)¥l^i[«277.8cin2/Vs(n-ch) . 
151. IcmVvs (p-ch) XS><0, S«PiiStt43. 6(n-ch) , 1 
2.7(p-ch)T*o;t:. 

[0 0 9 0] in^. *%m^mmLttN^y:^)mTF 



(1) SmOamtn5m\/iec&,fH. S L < ttlOmV/dec 
turtle JRiS. 

(2) SfflAt90±45iDV/decUArt. »S L< «90±30mV/d 
ecKi.P*q{CiRS-5, 

(3) MFEOa<l*i50ciD2/VsJ!y.rt, ^(f £ L < tt45ciD2/Vs 

[0 0 9 1] *%BJ^fiJfflL/tP5^r^-;U^TF 
Tlriil^Ttt. aTtC^T«lJiTFT#tt^#-5C:t*i 

(1) SffiWaffljJtsomV/decEilrt. Sf^L<tt25iDV/dec 
&.ff^iziS.^^, 

(2) SM*i 100±90mV/decUAl*}. Jf^Ktt 100±75 
mV/dect;rtlCiRS.5. 

(3) tfFE©CTffi75«20cii2/VsRrt, jf?i U < ttl5cm2As 

[0 0 9 2] fiA±(;);BltC. :*:^BJ»C<t.5>TFT«il*T 

±tCf^ 88 L M O S F E T S nTVife«^« 

i«|;^cSRAM|HlifS^DRAM(HlSS^. i^)ili!;f^S(K>S<!: 

[0 0 9 3] *fc. **ififi«JTtt>'>y;uy'r h-^it© 
h-^jtoTFT^^nu^ioy-f h«@$-^rr^-7;i.^ 

y-f hJ^ii©TFT{C?^LTfcjiffl-r-5il<i:diT€^. 
[0 0 9 4] ^tz, :^^m\tiSi^m<Oi^^^^^e(>i>Z. 

mmimt>rizmmr^ztA^X'^^. 
[0 0 9 5] i^^mxm^ti^f^^mi^mzmr^m 
M.) ^^mMizji^xm^n^f^^^^mm^mi 4iz^ 



(10) 
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[0 0 9 6] 0 15 \z7h-t^^mmmt. it-^m.^mm 

!&w^rToztx'4mn^m^f^^iti.. m ~iioo 

[0 0 9 7] sK±(DmizLxm0S.Lrzfi^^\tmmm\t. 
mis iZT^rmzm'^ ffif^^m^±^ < . ^mwnz^^ 

[0 0 9 8] 01 5ICi3V»T. I^^ni 5 0 Ui^SiU 

tii&m 5 0 2izji^xm^nft^Witu-z>T^^^. 

•dT. ^R{fC01 5lr^-ri!Sa«ji^t^SrTFT©«tt® 

iLTfijffl-r-si, ^^mmmmi 5 0 2(c<toT^-r 

[0 0 9 9] 0 1 4 {r*-r«;Ad;i^Sfllj@«^«, H 

1 4»r^f«IC. t^&n^l 4 0 2 75t*«8S<:03S|iJtt 

[0 10 0] ;^tl3. *l8?«#^7i«iH**>S:tttt«ti^ao 

E^ijtt^^ 1 ~ 5 Tj^mmo^itm^x-mmLtcmm, ^ 
ztt)mm^nx\>^^o c:n«, i^SfiEfiTjtx^;!/:^^— 

[0 10 1] L*^L;idi^*^BJ#e,«. fftt$>5:«1i 

^a:5ffpi«snf-5*i, m^^ii^Km^mzm-^Lti 
m.iiti^ti.\,^ ^%ntf3\zm.^ii^i3.-^nti.\,^) n^x$> 

[0 10 2] tAicD^tc. -««i;a:yp-feXTi^a{tL 

^r u T(Df^m^m^miz^mmrmmii^i\f-r^fttt), 

[0 10 3] L*^L;i7&Jb. *56^{CJ:Si^atta^M 
«0l 4tc*f«7S:iigS«lii*WL. «gasiSt{c;^|fiitt 

zii^ipifiitifisoT'. mtbxi^^-^f^mm^msSi-t^^ 

tA^X^^. 

[0 10 4] mz. *ieB^(CJ;0t#e>n-5#f1*$fc«tt 



[0 10 5] 4:^§g#f)rojtifl(ld^iELltntf. *^BJ(c 

^i>m^is^mmmmskp^mz:^r vrhyyzftrsirt 

5. 

[0106] ciiiSM 2 ] :^^mmitmmm ixmv^ 

TFTTfcoTCMOS(fllSS^fl^figT-S^JT*-5. CM 
O S iHlgSlJIIJg^sJ 1 -xf ^ t ;t ^Ti^iiC!) N 5^ V JH! T 

FTtP5'^:t^)mTFTt^mmmzm.^^t>i±xm 

[0 10 7] **«|«aj»Cfett^CMOSI51SS<Df^Kx*i 

cD-*sfi0iiSr0 7. ms^m^^xmm-r^, rjiis. 
[0 10 8] m-mmmi\z^rv^m^mtzm^x. s 

7 0 1 ildg^YtaSM 7 0 2 ^fiSML, ■?-©±{c 

->y-r^ct(c:J:0N^^t-JHyTFTro®f4W7 o 

[0 1 0 9] flfttg7 0 3. 7 0 4&JgJ5KLfcey-r h 
^ib^7 0 5S:fi!c^L. $ ?.lCADy>7C^S-&tJ^H 

^iSfisil i:[H|i;t,«i-r€). dpLT. SftS7 0 3. 
7 0 4tt*%ig©^S«jfi«t<»:^j:0, 

[0 1 10] f^itcy-f hmm<n^m^mmt^7 

T;W5X'>AJKO/ti' — >7 0 6, 7 0 7*}gfig-r-5 

(/i3'->}gBK^t,/i^-- >y{cfieffl L;tu-:^;^ h v 

[0 111] c:5LT0 7 (A) 7 
;i/5X'i'A|g[<DA^' — >7 0 6. 7 0 7 ^m^Vft<b. 

'Aiz, nmmi tmm<n^f^xh-DX7)i'Z=i'yAm(D 

n^ — y 7 0 6. 7 0 7CD#Jffi»c#7LK®l®fi8©!^tM7 
0 8,7 0 9^miSi-r^o *lli£0iJT«C®^7L«O|^ 
S®E^blK7 0 8, 7O9®|gJ?^0.5 /imi-TS. 

[0 112] ^«S«3J1 il^liCQ^fl^Tfc-pTifK 

ST^H;il®Sif{bl^ 7 10.71 KDm^^'no. fz 

fc'L, **ifS««jT«c:«i^jp;!)noo ALfSi^mizmmm 

2,7 1 Stmmr^. z:5LT0 7 (B) ©«;a:<*si 

[0 113] 07 (B) (DiKm^m^tifz^. siie 

mm7 0 5S:K7'fX.v5^>yiS{CJ:0X-yf^>y-r 

^. z.<Dx-y^>ifi:mxity-r h«®7 12. 713 

*3<tC^^7L«4*0|^ffiSE^tlK7 0 8. 7 0 9*iV7.i7<h 

'^yif^iz^Knuto^mmmim 7 0 s , 709 si^^s 
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TStia? (C) 0«§|<hJ^c-2), 
[0 114] P5"-\'^;i'^TFTSrSU^-r«lC 

— tf^i^fS. JniiailSOKeV . h*— X» 0. 1~ SxiO'S 
ato«s/ciii2 . JfSKtt 0.5~ 2X lO'Satoms/cmZ atom 
s/cin2 -CffU^. 

[0 1 1 s] c©K-tf>yiietiitfeWi)D^«ffi*«iSi 

ttB7 0 S'vtJT^ii^tlS. -E-OJie*. 7 15, 7 1 
6T*$tlS««ElCP'fit>*tm*P$n«. (0 7 

(C) ) 

[0 116] ^tC, 13 7 (D) \Z7p-r^OiznZfP-(^ 

KeV t1&tb\zm^L, K-X«$0.1 ~ IxiOlSatoBs/ 
cm2. j!f$L<H 2~ 5xl0l4atoms/ciD2 i-fS. Z.<D 
XSWi^m. iiiiiS{CP'f;*->'^t^JlP$n/cjS«?7 1 
7.7 1 8*tJgfig$nS. 

[0 117] 13 7 (D) \z^-rxmf>mTLftt^ArN 

;mTFTOV-;^mi^7 1 7, H^'f>^«7 18. 

igjs«^*e«!iMigE (^ftithDDmm) 719. 72 

0. ^•V^;i^J^J5£m^7 2 lAiiii^f'So 
[0 1 18] 'A\z, 0 8 (A) {r^f <J:3t'£«CDN5^ 
•\'^;PSJTFT€r®pU'->*Xh -7X^7 7 2 2 ^rj^figf 
iE-LT. g|8 (A) »C^t-<^!Si{rfcl>TPS!^#J^ 

O B -f :t >(D h' - 1 > y t) P -r JS^ t l^ti fC 2 S 

[0 1191 l»B<DB-f:t>CDH-hf>ytt*PjiSJE 
30KeV , K-X'a^ 0. 1~ 5xi0l4ato(ns/cin2 . 
<tt 0.5~ 2X10l4atoins/cm2 SSi-T-S. dCOXStC 
cJ:0 7 2 3. 7 2 4-C^^fns«J^{CB-f ^>?5«^JP$ 
n-5. (08 (A) ) 

[0 12 0] 2SS(7)B-<^>W K-tr>y«iPjSttlI 

5KeV , h*-X»<& 0. 1~ lxi0l5atoms/ciD2 . Jf^L- 
<« 2~ 5X10l4atoiiis/cni2 m^iiT^o ;iOX|SlcJ; 
Dii!S«{CB-1':t>d«^»P$nfe®«7 2 5. 7 2 6d« 
J^BKSnS, (08 (B) ) 

[0 12 1] Jil±CDIglCiO P5^^^;USTFT©y 

-x«^ 7 2 5. H u-f >Mi^ 7 2 6. i&m&^$i^m 

« (*fc«LDD<S«) 7 2 7. 7 2 8. ^^^)m0S. 

[0 12 21 '-kiz. ms (B) \z^-rTm<DmT'ik. u 
hvxi^ 7 2 2^£^oi^^. m^±mizu-^-^ 

[0 12 31 ®FBmi^JK7 3 0^4000AO/P$JC 



X-^CVDte. I^CVDfe, Xe>a-hte?£ffll,i*i« 

[0 12 4] ^JC3>^'i7 h*:-;KDJ^fiE^fTli. 
^^;i/S!TFT®V— X«®7 3 1 . P^Y^JUSTF 
TCDV-XSg 7 3 2 *JgfiE-r«. h* K 

^w-rs^iTj^jsKfr-s c MO s m^^^iii^^n 

-5. (08 (C) ) 

[0 12 51 6i±cD«!&jsa*iiST. 08 (c) ic^-r 

Mjg-e;:c5CMOSI5ISSS:f^S!-r^:i^*^T^-5, CM 
OSlHl8Sttftt>*MAj:tgfiE0D'r >/N--:$'|pISSTafei9. C 

MO s -f W'c-^' mssse^njtr^gc^^^ UTjg^jg L;t 

its $r ffffi-r s 1^ ffl 1/ i e. n -5 . 
[0 12 61 ::::t0 9 (a) {r^fiffi^SCtt. *3I 
i6«»H'Seo Tf^Sl! L;t C M O S lHl3S<&ffii!>-^*3-a-T^fig 

[0 12 71 09 (A) JC^T U >i^:^->'U— 

?:1ififi;-r-5CMOS[HlSSCDy-r h«®<@«fi?fl0.6 wmt 

[0 12 81 *;5:. 09 (B) LT->7 
vX3'llI!S©^*^^-r, 09 (B) \Z^-t'y-7VVV 

0SST^^. ittlc. 7jcJp^aEffl (V-X<BiJffl) ->7M^ 
vX^'lUl^ttJIillf^BtlcgiMH z ~©:+MH z 

(0 12 91 v::c:t09 (a) tc^f U >y:t->u-^' 

m^(D^m.nim.^w^^iiM^^m\Q\z^>.t. m^y-t 

9, 19, 5 Iffi (®) <DCMOSI5lgS$:tgigL75:U > 

^cfe. 01 Olcs^-rie«tt¥i^x-^'Tab-5, 
[0 1 3 0] 01 OICj:^t. ^fiJ^««jlgSJE5 V. 9 
©®>J >;7;i-->U'-^'fi402 MH z (D^li«S^IS$rll^ 

J1&SC454. 37MHz (eaSttffiS. 3 V) . 539. 51MHz 
S T (C jfit Sx- ^ il^ L /cl^ o« S 0 

1 1 fc^r. 

[0 13 1] ;in^Offltitie3fe»f^SIX@TfP^Lfc'J 

>y?^->^-^'^clt-cT2 0{&jfii.»i4f^jSg$rW-r*c 
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[0 13 2] a±««HC, *fSBj^|ijffiL-feCMOSIl 

[0 133] SetC. 5^-^ :*.;Ufi*^0.6 Mmi:a«i)T?S 

4 d i tt, *:^B^ tc J: ;5 T F T A- 1* 

[0 13 4] C*%B^®^^S-6^^«*^nS}t^] *SS{?iJ 
l*«tt;ilifi^J2{Cll®^x-i5'S:t)-3T*Lfc«IIC, * 

e. tt*%Bj i T F T tS^MSS^ untt $ TSot^^titt tc 
[0 13 5] *%BJ#f>«. *^H^{cJ;^TFTCDBl£ 

[0 13 6] M«:e*J(C«, ^ffi*4l^75<!|ttd H U-f >^«J 

$ -a-iia: V i« (C <8tg L- T I i ^ t # ;i CO -e * -5 o 
[0 13 7] &.±^^ttb^t. *5e§gfcj;^i^atta 

(1) =\^A''J77i<S»iT'5 (+rUTtC<i:oT) 

«. 

(2) ^^r^i7<Dlf^Wl^mU^^lL\t^'f^)V-^t^ (7 
[0 1 3 8] SEoT. ±8S2t50fllfi!c«:«Ac:-r. Ift^i" 

n«+ r u 7 (3 <»: o T*M«ur ^-)vm^m.^ 
mw>mzm^-^ntzx.^)\^^-m^h^'^-ir^m^ 

[0 13 9] ^'>CD«a!J€r3?ATl?«* 



[0 14 0] ^-Wi^m, ^%m^i^\t.m^\^)V1di^<D 
[0 14 1] @^-^:^;PJa«<i:«, U^VifiS«JIo{S 

T. ^^>9-x)u-mmzff'^mm(D9iitisj^zfD-zfyt.u 

[0 14 2] ^::T*%BJ#^«:^5gBJ(7))^S.«t#(D^ 

^^^i-TFTtciiv^Ttt, ^^-^jvm^mmznvTA^ 

Ac, 

[0 14 3] :io)mrj.mmim{tm=^m i 2 tr^-r#;:c 

(A) (dtJt^T, 12 0 1 «y-X^^, 1 2 0 2 h' 

u-i>mm, 1 2 0 3ii^^:^)m^mm-n$>*). 
^jum^mmi 2 0 3<D^\zi,tA^miz^m.<^mmi 2 

0 4*«JgfiK$n4. ^^r^)Vmi^mMi.l 2 0 3 

4^. ^Mtl^i^ 1 2 0 4tAi1-roffi^ 1 2 0 5 fi, 

[0 14 4] C:CTIiil2 (A) \Z^.tmTt\i. ^14 

T*-5>o fp-^> 0 1 40 1 4 0 2-c^$n^iga*4^ti 

^12 (A) «^*t#)««Jl 2 0 4{CfflaL» EI14OT 
4f«Sfctt1it«tiga 1 4 0 1 ttEl 1 2 (A) + U 7 

[0 14 5] U-oX. ^^:^)mm.mmi 2 0 3rt(lE 
«$n)t^|ifii^®i®l 2 0 4tt5'A'^>'l'J^fi!tti«F«3tC^ 

^-5) (D±^^m^'S:m^L. ^(Dx-^jv^-mmz^ 

[0 14 6] 012 (A) *A-A' T^»rbfc 

mmm'tmi2 (b) jz^-r, i 2 o e tt*feii^«ffi** 
-r^»«T**. ^fc. 012 (A) ^B-B' x-rnm 
Lrzmmm^mi2 (o iz^r. 

[0 14 71 Ua, mi 2 (C) 'f3i5lriTwpl.ntt^*e 
i^m^ 1 2 0 4 L . wpa. iD«+ 'J 7*ii^l!l-r 

-S^i^Olg^a-r. dCTn. ni«^r*;i/J^fiK^^l 

2 0 3l*Jt43I/iT. wpi.n*tnSa©^$6i^®*gE<Di|iT 

[0 14 8]i*eoT, *^ajtCj;^TFT©|||^C0tt?^ 
pa (wpa.BiSrl~mSTllOA.fc|gSl) *f^Al/Aj:<T« 
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[0 14 9] 

tfFE=l/Cox (Ald/AVg) -l/Vd-L/W 

z.zrcox\ty^ hmitm^m. Aid. Avg«-en 

[0 15 01 Lii^LfiH^ib. m^6^ts.f-r^)V^^Pi^ 

[0 15 1] ^M^^M^Sriai 2 (A) tC^TtS 

[0 15 2] ^mS. (tfFE) (i;iT«aPN 

[0 15 3] 

[1^1] 

-1 

/<= (IZ/zi+IZ/ii) 

[0 15 4] ^:0|»lT^$n-2)S:«> ±f*:W;^3:^i&a! 

lattice Srjici*-r-5) «aft©:t3 J;i;:^*>6#lMSLWBS* 
^mzm^^Oi^Wi^lii ( ittiiDpurity$:iti*-r ^) O 

[0 15 5] 
[1^2] 

-5/2 -3/2 

//I oc (m*) T 

[0 15 6] 
[3S3] 

-1/2 -1 3/2 

/ii oc (m*) NiT 

[0 15 7] :Lf\(^o^%\z^^t. ^^^)vm^m^± 

^, 01 2 »C^-rMfi)cOS^, ^gl5Wl;^«ittl^i^€:Jg 

[0 158] EP%, ailWfC«iSc3fC*3ViT-1':t>ft:b 
/i^$E#joiiSN i D ;i < 0 tcjfitJit^ n t ^Mf^ 

CtJCTiC^. IP^. ©:l {C43V»T 1/ui «ss:««-r 
5 d <»:*iT#«gft»CS T^»e«!»S:«i)>$-lt-5 Zf&M 



l.>Tli<i:«ljl$nS. 
[0 15 9] ^fc. 012 (A) tCi3ViT^*ei|^J«S« 1 

2 0 4^^^^:^)ujjj;^twim^nttj:^mizmm^nT 

[0 16 0] d©tll;^S2S<»:Lfc«^, ^MtlMJ^l 2 

0 4« raitoi^a^isLj iuxiisj^o t^s^n-s 

[0 16 1] &,±<ommfS.t-r^ciz-^. 
m^z±c^m^^r^-)mm^. ^m<^mmm-(^A^m\z 
[0162] SfFiSrofiiic H u-r >ffii]^s.groj2:*t 

[0 16 3] ■y-yxi/7->3>ii'K#tt®iS]Jbtt. *^fiS; 

[0 16 4] 12112 (A) -^Tr^tmBfctL-tzmiZ. ^Jim 

miz^^m<Dfj:t)ir)i)im^i-^n^uim. ku-i" >fi!i^ 
s M ^ ^ m -r -5 (i o ifi{H -c a ^ n s . 

[0 16 5] 
[S:4] 

S=ln10'kT/q [1+(Cd+Cit)/Cox] 

[0 16 6] »4{r*si<»T, kttJi?;i'!yv>^gc, t« 

aCitSrOtCBI^;ft(St)ifi:?tt*CtT. Cd =Cit = 
Ottn^mmVtm, Bn^SfflTi^eOiBV/decade tiii**^ 

[0 16 7] fztzL, is.4iz9p^n^^itsm^mtii-r 

■5;t«>©iaiKSC-C*0. TFT-c«:iWjfi^KiCf3t3!t)-r 
{reOmV/decade &sT<nm^^Am<^n^ :ithSb^<, 
[0 16 8] .hCl^T", *%B^75^?,fi|jil^ns*^fiKT 

it. :$i^m<n^^^mzmm-r^^i^^mi$.ti^xwt^ 
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iBST s d t ^ ^ *^ e T ^ -& . 

[0 1 6 9] ii£oT, :ii^)V^-n^im^-t^t{,^^ 

[0 17 0] ^fc, ^M#I^«S:P*;t«B'r:t>-C^ 
[0 17 1] &.±<Dm\Z. *«fi£{4*B^ijffl»TW*-rS 

[0172] CHJS^J 3 3 *lliS0»JTl«JS^J WZmh 

tsnm%\zii\i^isam9m^Vk\^. --y^ji^yy^^j 
[0 17 3] *iiifi«»nc^-rxs^&iitti«»j 1 tm^-^t) 

[0 17 4] 700 lCSS^%SPf^«!iai3J:oTiS 

[0175] c*as«»j 4 ) ^mmmxitMmm i l 

L. isiim^m^i'rzm.'^iz/\a^'>7im^'^tsnm^ 

[0 17 6] c<Dmmm-^nrzmmtmiznLx. mm 
m 1 tmm\z^mnm%'PT7=:.-}vt^:itx'mn^ 

~1500A (f^^WfC«500 ~1000A) ®geffl-C}KJ5K-C^ 

a. 

[0 17 7] i»iE^kM<o*-Ty-f h«ei»iK«'«Be-rs<h 

mm^)^-izm^-r^z.ii^mmtj.m'^t)i^^K 
[0 17 8] ±ffiieT}gfi!csnfeik|S!{bK®± 



[0 17 9] it. ±sdxa^^fli7c^ mtczi-yy 

feT#a. ;icojii^, isitmt^^ hit&mm<D^m\zw 

*^ iSitmmm<Dmmm\z&Mi^^<x\iriiE>f3i\^K 
[0 18 0] mmms) ^nmmx\t. :$.%m^(S~m 

LTf^iiiLfeTFT^rDRAM (Dynamic RondomAccess 
Memory) 43J:t/SRAM (Static Rondon Access Memo 

ry ) izjt>.mLTzm\z'o\f^xfSimt^o mm\z\tmi e 
[0 18 1] DRAmtm^r^mm^m^tLxn> 
ntLxommomLxtut, =i>x>-y-iiii?ij{cs§^ 

^'J-t;i'S:«ifi£-r-5TFTi:3>7^>itOIiI8SS:01 6 

(A) \zmr. 

[0 18 2] >7-F^l 6 0 1 ICJzoT'/'r hffi^^^-^ 

x^n-2)t, 1 6 0 3x^-^n^TFT\tmmikmtfi 

-5. ZLOl^SlTty hSSl 6 0 21B'J*^^=i>x>-t}-l 6 

0 4^c:^^^*t^fg|l^nT^ffB€:^i5(^)i^fc•0. 

a. EP-^. z.o)^>7'>-*)-izmm$tirzmm^T F Tiz 

[0 18 3] DRAMCD!^?iS:«li@C0;<t«J2-^i^ra 

^i^l^TjiT F T t :3 >x >1tyi'ij-e#NSl::'>/«£<'^<^T. 

[0 18 4] ^tz. TFT^rfflt^TDRAM-tr^l/SrJ^/* 
a. 

[0 18 5] -Aiz. ^wiM.mm'?ti.xMim^m\>^ft 

SRAMBSSSrSl 6 (B) {I^T. Si(lfl?Bf^ 
? ilBltMWtitg^T F TTf^#-rS S R AM«*jg*iS 

[0 18 6] S RAMtt^'J •7:/7n-y:/^«)«^^lHl 
Ki:sim.m'Jrlzm^^ft^=tUX3b^X. 5R^«IhIK©0 
N - O F F -S 1.^ O F F - O N CD 2 ^^tt^tC^Jt? b 
T2iHflfiffl (OSfcttl) ^IB1i:-rs=t)<7)-C*?>, « 

[0 18 7] 1 6 0 ST^^nSOtt^-Hi^TSO. 

1 6 0 6ttf-y h^T-*?), 1 6 0 7 ttiUffitnTm^^? 
n-5ft?W^^T*0, 1 6 0 8-C*Sn-5J;c»?S2ffi<D 
h'7-f-'N>7>vX^'<i: 1 6 0 9T^$n-5J;pi^t2ffi 
CD7 i^-fe;^ h 7 > v'X t T S R AM**«lfiE$n«. 
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[0 18 8] U:X±(D^5f£mfSLrt£^SRAM<DmWL 

[0 18 91 cuss^je] :^mmm-v\t, mmm i ©^i^ 
mt^i^miiJiz^mmM 2 o c mo s Esstrffl i^tisi-* 

{*:±»;:ia^-7 h U xiHlSS to x lilSSi S:*ffl^t: L 

[0 19 0] ^cts, Dv-;/i7|Hissi:tt, mmmmm^'^ 

W©T F T ^fflV^S d <l:TP-S«±»C^T*-«:^br 

[0 19 1] ^fc, a>hn-;HsISStttyD-t-vy-lHl 
p^^:Ulilg8> !7Uvf;%^m^. A/D (D/A) 

USSfiSIS. 6T5iL/iSRAMlHlBS^DRAMlHlSS*^^ 
[0 19 2] c:(7)J:535:«fiKlC*WiHaSTWS^t-«^?« 

T'SttflgSrWr -5 T F TT ^ T P V -y 0^S€r«^^■r 
[0193] 7 ] 2|s:|IM«WJTttll«S0ll 1 iilSifS. 

[0 19 4] ^r, ^SS0l|l tl^lSlcDXSSrigTBIl 
(D) JC^-r^ffi^WS. BIl (D) iCS^TttliSrWfc 

dottSi^&iai 7 (A) ic^T. 

[0195] 017 (A) (CiJViT. 1 0 1 
1 0 2 «Tfl!sM, 1 0 6 ttffittB, 1 0 7 

m. 1 7 0 2 «y-r hmm 1701 ^rfsgSK^tLTite. 

[0 19 6] :i©ttS8T»tt®l 0 etC^fLT- 

T, C:O-f:t>aAlSCJ:0JFM«3««l 7 0 3. 1 
7 0 AAm^^tl^. 

[0 19 71 :F*e«&-l'Ji->cDffiA75<lSI7LfcS. Sfl:^ 
^^1 7 0 5Sr 0.5-1 «mWJl$tCfi£Mi"*. fiS^:^ 



[0 19 8] Z^LXmn (B) 

HI 17 (B) (Di^mm^titzih. 'Aiz^itmmmn 

[0 19 9] dOI^. l^ftSE^bl^l 0 7tty'f h«ffi*<V 
Xi7t;5:c)fc«lgEUtn75«l**$nTBIl 7 (C) JCS^T 

[0 2 0 0] 017 (c) izmr^mxmzf^^e^^-i ^ 

ISg. •y-'f K-i'^-^H 7 0 6<DiST<D«B«l 7 0 7, 1 

7 0 8«'i':t>aA)5tfTJs6nnci»oT, ^mn^-^y 
<Dmmz^it\s.n.\,^. BtaufcrniiEi 7 09. 
1 7 1 ott$^tciS«s©^*e«»<:t>*<aA$nsc: 

t.\Zti.^« 

10 2 0 1] \ik±.<Dmz2S.^(r>-(:i-y'eLX^mx, y 
-;^®«1 7 0 9, Hu-f >Sg«i 7 1 0:feJ;c;y-;^ 

^ (LDDM«) 1 7 0 7, 1 7 0 8*^Jg)5!c$n^. /<£ 
43, f-f 17 0 1 «iaTtiT> H-y^icMi^Tfe 

0. ^^-V-^^JUJ^figMJffil 7 1 1 ht^^. 
[0 2 0 21 Jii±<DXS* iiiT0 1 7 (C) 

?>nfce.. 300 AcDjss®0^b^tV55=-^'>K^^M 
\zx^tm^m^'mi^z.iLxy-7.^i$Ln 0 h 

H'>»i«l 7 1 0O«ffi!C^^>->'J-t>--1" K 1 7 1 
2 . 17 13 $rJgfi£-r^. (0 17 (D) ) 

[0 2 0 3] ua. ±8axett^5'>iK©«tjoc:^> 

[0 2 04] iJjtc:. @rBlif6»M 1 7 1 4 t LT^^b^* 
M^SOOOAOJP^fCfiKKL. V-xmSl7 15, 

f ynm 17 16 ^m^-r^o z. 5 lt0 1 7 (d) 

[0 2 0 5] *IIJ£0iJT*T«jiOTFT«. V-X/ 
H U-f >«ffi7i<5^^ >->U-y--r K 1 7 1 2 , 1 7 1 3 S: 

[0 2 0 61 [Hifi^j 8 ] ^mmmx\tMmm 1 ^rz\t 

[0 2 0 7] sr. nmmi tm^<Dxm^mxmi 
(d) {cs^Ti^ii^tt?.. tzfiv. :^^mmxity-( h 

^Zttt^. C<Dttlii£018 (A) iZTpTo 
[0 2 0 81 01 8 (A) (C43(,iT. 1 0 1 tiSI^S 

«. 1 0 2fiTJt!sM, 1 0 ettfttts. 1 0 7\tmzy 
hfimmti^xmmr^mmitmxs>^. */t. is 
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0 i\tm^^mmm (ii?'j->ua>M) -e^isy-f hm 

[0 2 0 9] dOttSnfffittgl 0 6tc3k*LT- 

T. c:0'f;i->aAXSir<tO^i^tlMi^l 8 0 2, 1 
8 0 3*^}^fiK$n*. (018(8)) 
[0 2 101 ^|iE«!l<*><D"aA*<*l7bfcf.. ^Ifi0i| 

[0 2 11] ^LT, ■y-'f K-^^^-^H 8 0 4SrJ^*£L 
fee, llt;^*fi«S'f:t>C!)ffiA«rfT?i5. a±0 2a<D 
'f:t>aA*i^T. V-XMi^l 8 0 7, K U-f >M« 

1 8 0 8 . tertg^M^lM^ (LDDMHE) 1 8 0 5. 
1 8 0 6. ^-V^^^l/Jgfie^^l 8 0 9*sm$n^. 

[0 2 12] iU±<DIgS:igT0 1 8 (C) (D^mtm 
^nft<b. 500 A©ff$roilI^b;/^£Vi^>yxT->KS: 

mizj:?>isammm^f7Uvztr^'^ hngi s o i. 

1 8 0 7, K U"f 1 8 0 8. 0«SlC 

:5'>^y7.5^>->U-y--r K 1 8 1 0~ 1 8 1 Z^mBSLt 
(018 (D) ) 

[0 2 13] 'A\z. misimBm s 1 3 tuTS-fcam 

m^moA<Dm-^iz^mb. v-xm@i 8 1 4. hi^ 

-f >mill 8 1 SSrJ^fiKTS. C3LT018 (D) {C 

[0 2 14] **iifi«»j-e*-r«3i©TFTtt. y-r h« 

h*l 8 1 0~1 8 1 2«:^M^TmomL«ai:i«i^-r^ 
[0215] mmm 9 D ^^HSgCajTW^^BJ^fUffl L 

[0 2 16] ifc. *f8WSr*iJfflLfcH^«ft^il©*£:ffl 

-r. ;^-:^k•y-->3 >. :/avxi7v3> (7D>h 
Hi: U 7 HAAS'S) . tfx:^*^^. /'<-V:h;l'=l>hf 

01 9S-fflV»TeT5. 

[0 2 1 7] 01 9 (A) HTV:^;*7T'*0. :^i^2 
0 0 1. *^^gP2 0 0 2. «^^S2 0 0 3. JSfPX 
'f •vf^2 0 0 4T«lfiESn*. «*SS2 0 0 Sttto. 
- 7 7"f > <!: L Tf ijffl 5 tl ^ . 

[0 2 1 8-] 019 (B) it^y KT-? > hx-f XT^U 
'fT^O. *ft:2 10 1. ^^SS2 10 2. A*>h*gB 

2 1 0 3T«}fi)c$tX*. «^SB2 1 0 2ttJt«W/hSi 



[0 2 19] 019 (C) «*-:hfy-->3>-C* 
•3, *^2 2 0 1. «^gB2 2 0 2. glffX-f-y5'2 

2 0 3. 7>T•:^2 2 0 4-C«fi£^n^, ^5^^62 2 
0 2«^z:3'— iLTlOT^nsAi. It!j0ro^^*ii;3: 

[0 2 2 0] 01 9 (D) i:i^mm 

m-c\t.m^mm) tso. 2t:#:2 3 o i. ^^ai:'3gi5 2 

3 0 2. =SPAi3^ 2 3 0 3. **SK 2 3 04. jgf^ 
#3'>2 3 0 5, 7>x±2 3 0 

ISB-2 3 0 3 tC^*LTtt. !|^3lEWtCTV«St LTftSi 

«^ Sr SjR s *i -5 i 75^^». $ n ^ . 

[0 2 2 1] 0 1 9 (E) tikV^tA^^TfeO, *^|s: 
2 4 0 1. «^SH2 4 0 2. e§BSgC2 4 0 3. SJf^X 
'f-v5"2 4 0 4. :/3h)l/^-2 4 0 STlifiKSn 
^. «^gB2 4 0 2(CI!!llLai$nfcli^l®maigBSgi5 
2 4 0 3$raLTU7;P^-f Afc:M-5 3:i*i-e^-50 

[0 2 2 2] 019 (D) «7P>l-:/Di^xi7->3> 

0 . 2 5 0 1 . 2 5 0 2 , 
2 5 0 3. 3t^5S (e-AX^'J •>3'-^ig5tT^d^-& 

sns) 2 5 04, ;^i"j->2 5 0 5Tf«fig$ns. 

5^gE2 5 0 3iiifiili»?«a[*«S^$ns. 
[0 2 2 3] Sfc. 2(!:j|Jfifi»JfC^L;tfl|^3t¥SSe^n 
tCf). U77'P5^xi7->3>^^:A'-f;Un>tfi-^, 

[0 2 2 4] Sfc. 2^^H^COTFT(l«m3t^SBlCffi 
[0 2 2 5] 

mmo^m ^mmmr^TP-r^^mizjiitni. 

S->U 3 >±\ZW&VtzlAO S F ETJrEaft-rSSSl'itt 

tgSrWLitTFT^IIJ^-r^CtTJ^-C^^. *^c. *58 
BJ®TFTT*iJ5)cLAc'J >i^^-> U-rS'fStie^cDT F T 
T^fiKSnfc'J >y;ti'U-3'lCjt-^T2 0aWii5ii» 

[0 2 2 6] ^<b\Z. Z(Dmti:m^^<^^^^\^T^^^tZ 

[0 2 2 7] &,±<Dmrj:TFT^m\'^xmmtin^mm 
itm^^n%^^mmizmm-r^zL-c. n%^^i^m^ 
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